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Sir: 

I, James R. Pierrou, declare as follows: 

1 . This Declaration supplements my Declaration Pursuant to 37 C.F.R. § L 132 that 
was previously filed in the above-identified application ("the Application") on January 30, 2008. 
I hereby incorporate by reference into this Declaration each statement from my January 30, 2008 
Declaration. 

2. I understand that my January 30, 2008 Declaration was submitted with an Office 
Action response, and was also relied upon in an Appeal to the Board of Patent Appeals and 
Interferences. I further understand that subsequent to filing of the Appeal, the Examiner re- 
opened prosecution and in doing so, is no longer basing claim rejections on the Tremblay 



reference that was the subject of my prior Declaration, and is instead relying upon U.S. Patent 
No. 6,042327 to DeLeo et al. ("DeLeo"). 



SCOPE AND CONTENT OF THE PRIOR ART / GENERAL UNDERSTANDING OF 
ONE SKILLED IN THE ART AT THE TIME OF THE INVENTION. 

3. I have reviewed the DeLeo reference and recognize that, like the Tremblay 
reference, it is assigned to Ricon Corporation. 

4. Ricon is a well known manufacturer of vehicular wheelchair lifts in the United 
States, and is Braun's largest competitor in the vehicular wheelchair lift industry. As such, I 
have been familiar with Ricon's products since the early 1990s, Based on my personal 
knowledge of Eicon's products, most Ricon lifts produced after the mid 1990s and including a 
seat-belt style safety restraint extending between the handrails of the lift likely included or had 
available as an option the safety restraint interlock system described in the Tremblay patent ("the 
Tremblay system"). 

5. Since the release of the Tremblay system in the mid 1990s, Ricon has frequently 
and enthusiastically touted to customers, regulatory bodies, and other members of the wheelchair 
lift industry, the alleged benefits of that system, which, as set forth in the Tremblay patent, halts 
all lift movement whenever the safety restraint is unfastened. 

6. In my opinion, one of ordinary skill in the art of vehicular wheelchair lifts would 
be someone having applicable technical training in one or more relevant fields such as 
mechanics, hydraulics, and/or electronics, and having at least 2-3 years experience in the 
wheelchair lift industry. 

7. In my opinion, given Ricon's position in the industry and its behavior describeo 
above in f 5, a person of ordinary skill in the art of vehicular wheelchair lifts at the time of the 
invention claimed in the Application would have been familiar with the Tremblay system. 
Furthermore, even though Ricon's DeLeo patent does not discuss a safety restraint interlock 
system, I believe one skilled in the art viewing DeLeo likely would conclude that because the 
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DeLeo lift is a Ricon lift having a safety restraint extending between the handrails, the DeLeo lift 
likely also included or had available as an option Ricon's safety restraint interlock system. 

8. As taught by Tremblay, in my opinion, the general understanding of those skilled 
in the art at the time of the invention claimed in the Application was to prevent all lift movement 
whenever a safety restraint extending between a pair of handrails was not fastened. Furthermore, 
throughout the late 1990s and early 2000s, a general trend in the wheelchair lift industry was to 
incorporate an ever-increasing number of safety interlocks into the lifts. This general 
understanding is reflected by much of the prior art from that time frame. For example, U.S. 
Patent No. 5,672,041 ("the '041 patent") is assigned to Crow River Industries, Inc.^ which as of 
the issue date of the *041 patent was another of Braun's competitors in the wheelchair lift 
industry (Crow River subsequently was purchased by Braun in November of 1998). The *041 
patent acknowledges the Tremblay safety restrauit interlock system at col. 1, lines 25-29., and 
acknowledges other wheelchair lift prior art incorporating similar lockout switches and circuitry 
at col. 1, lines 53-54. Similarly, U.S. Patent No. 6,612,802 ("the *802 patent") discloses an 
electrically actuated transfer seat for helping a handicapped individual into and out of a vehicle. 
The '802 patent discusses several safety interlocks for the transfer seat, including a specific 
discussion of safety belts and their associated interlocks that prevent movement of the transfer 
seat if the safety belt is not secured at Col. 5, lines 53-57 and Col. 6, line 44-46. 

COPYING BY OTHERS 

9. Attached as Exhibit 1 is a portion of Braun's "Installation/Service Manual for: 
VL917IB Commercial Wheelchair Lift" ("The Manual") dated October 2002. The VL917IB is 
part of Braun's "Vista Series" of wheelchair lifts. Page 48 of The Manual is a Lift Electrical 
Schematic and shows the "Millennium Seatbelt Interlock Circuit Board" ("the MSICB"). The 
MSICB and related circuit components are an actual implementation of the Safety Belt System 
for Wheelchair Lifts that is illustrated, described, and claimed in the Application. 

10. Attached as Exhibit 2 are two screen printouts from Braun's invoice data system 
showing the Order Date, Desked Ship Date, and Last Shipped Date of the first two non- 
prototype Braxm VL917IB Commercial Wheelchair Lifts. The furst lift, serial no. 01-00001, was 
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manufactured for use by Braun at product demonstrations and trade shows. Operation of this lift, 
which included the MSICB system, was demonstrated at various mobility industry events 
throughout the coimtry. The second lift, serial no. 01-00002, was the first lift sold to a customer 
and, once sold, presumably entered public service. These and other Braun lifts including the 
MSICB system were being publicly demonstrated and sold from approximately late March of 
2002, through 2003, and into 2004. 

1 1 . Within Braun's product development process, it is normal for the publication date 
of a product manual to lag the introduction of the product to the public by several months. 

12. Attached as Exhibit 3 is United States Patent Application Publication No. 
2005/0238471 ("the '471 publication") entitled "WHEELCHAIR LIFT" and assigned to Maxon 
Lift Corporation. Maxon is another one of Braun's competitors in the wheelchair lift industry. 
The application that is the subject of the *471 publication was filed on Sep. 29, 2004, 
approximately two and a half years after Braun introduced the MSICB system to the public. 
Paragraphs [0023], [0029], and [0031] of the '471 publication each describe portions of a 
restraint belt interlock system that prevents movement of the wheelchair lift unless the restraint 
belt is secured. Claim 8 of the '471 publication suggests that Maxon had adopted the operating 
characteristics of Braun's MSICB system, which prevents initial movement of the lift if the 
safety restraint is not fastened, but which allows movement of the lift to continue if the safety 
restraint is unfastened after the lift has started to operate. 

13. In my opinion, as a competitor in the wheelchair lift industry, Maxon likely was 
familiar with both Ricon's safety restraint interlock system, which prevents all movement 
whenever the safety restraint was unfastened, and Braxm's safety restraint interlock system, 
which allows movement to continue once begun if the safety restraint comes unfastened. 

I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and beUef are believed to be true; and further, that these 
statements were made with the knowledge that willful false statements and the like are 
punishable by fine and imprisonment, or both, under §1001 of Title 18 of the United States Code 



and that such willful false statements may jeopardize the validity of the application or any patent 
issuing thereon. 



Date 
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EXHIBIT 1 




Installation/Service Manual for: 

VLatrtB 



Commercial Wheelchair Lift 
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'Providing Access to the World"' 
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See inside cover 
for warranty and 
registration information. 




Read manual 
before installing 
or servicing lift. 
Failure to do so 
may result in 
serious bodily 
injury and/or 
property damage. 
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October 2002 



Patent #5,261,779 Patent #6,065,924 
Patent #6,238, 1 69 Patents 



r6,065,924 Iknik 
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Americans With 
Disabilities Act 



Lift Electrical Schematic 

Note: Shown with lift in stowed position. 



Note: Applicable 
for 1 6 gauge 
wiring harness 
control boxes. 
See page 50 
for 18 gauge 
harness control 
box schematic. 
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A wheelchair lift having a logic module which provides 
several interlocks that promote proper operation is 
descdbed. Also, a wheelchair lift having an aim geometry 
which requires a lower peak force for operation is described. 
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WHEELCHAIR LIFT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation- in-part of U.S. 
patent application Ser. No. 1 0/251,433 filed on Sep. 20, 2002 
entitled "Wheelchair Lift Device", which is a continuation 
of U.S. patent application Ser. No. 09/675,318 filed on Sep. 
29, 2000 entitled "Wheelchair Lift Device", now U.S. Pat. 
No. 6,461,097, each of which are incoiporated by reference 
herein. 

HELD OF THE INVENTION 

[0002] The present invention is directed to a wheelchair 
lift. More specifically, the present invention is directed to a 
wheelchair lift with interlocks that promote proper opera- 
tion. The present invention is also directed towards a wheel- 
chair lift which requires a lower peak force for operation. 

BACKGROUND OF THE INVENTION 

[0003] Wheelchair lifts raise and lower a wheelchair and/ 

or passenger to and from vehicles. Wheelchair lifts are 
typically mounted in a doorway of a vehicle and have a 
platform that raises and lowers the wheelchair and/or pas- 
senger between the ground and the vehicle. A common 
wheelchair lift design is a parallelogram design which uses 
two sets of lift arms arranged in a parallelogram or near- 
parallelogram arrangement on either side of the platform. 

[0004] Wheelchair lifts may cause injuries to people and 
damage to vehicles if not operated properly. For example, 
operating a wheelchair lift while the vehicle is in motion can 
be dangerous. 

[0005] Wheelchair lifts may use hydraulic actuators to 

provide the lifting force to move the platform. In certain 
situations, the use of electric actuators may provide certain 
features which are desirable to wheelchair Hfts. For 
example, electric actuators may provide variable speed 
control. However, an electric actuator of a given force rating 
will cost more than a hydraulic actuator of the same force 
rating. 

[0006] What is needed is a wheelchair lift with interlocks 
that promote proper operation. What is also needed is a 
wheelchair lift which requires a lower peak force for opera- 
tion, to permit the practical use of electric actuators. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. lA shows one embodiment of a wheelchair 
lift in accordance with the present invention. 

[0008] FIG. IB-IF show the wheelchair lift in a ground, 
intermediate, floor level, partially stowed, and fully stowed 
positions. 

[0009] FIG. 2 shows one embodiment of a remote control 
pendant that may be used with the wheelchair lift. 

[0010] FIGS. 3A-3B show a prior art arm geometry for a 
wheelchair lift. 

[0011] FIGS. 3C-3D show one embodiment of an arm 
geometry in accordance with the present invention. 



[0012] FIG. 3E shows a graph of actuator force required 
for a prior art arm geometry and an arm geometry in 
accordance with the present invention. 

DETAILED DESCRIPTION OF PREFERRED 

EMBODIMENTS OF THE INVENTION 
[0013] FIG. lA shows one embodiment of a wheelchair 
lift 100 in accordance with the present invention. Wheel- 
chair lift 100 includes an upper arm 114 and a lower arm 115 
coupled to a frame 117 and a vertical arm 116. The points 
where upper arm 114 and lower arm 115 couple to frame 117 
and vertical arm 116 may form the points of a parallelogram 
or a near-parallelogram. A Uft actuator 118 is coupled to the 
point where upper arm 114 couples to vertical arm 116 and 
to the point where lower arm 115 couples to frame 117. 
Frame 117 is designed to be coupled to a vehicle, and may 
include a threshold plate 130. 

[0014] Wheelchair Hft 100 also includes a platform 111 
coupled to vertical arm 116. Platform 111 is kept in a 
substantially level position by a platform stop 129 which 
rests against vertical arm 116. An inboard roll stop 126 and 
an outboard roll stop 119 are coupled to platform 111. Astow 
linkage is also coupled to platform 111, the stow linkage 
having an upper stow arm 140, a lower stow arm 141, and 
a roller 122. An inboard roll stop actuator 128 is coupled to 
inboard roll stop 126 and lower stow arm 141. A handrail 
112 is coupled to upper section 141 of the stow linkage. A 
restraint belt 127 is attached to handrail 112. An outboard 
roll stop linkage 120 is coupled to outboard roll stop 119. 

[0015] A logic module 200 provides several interlocks that 
promote the proper operation of wheelchair lift 100. Logic 
module 200 is described in greater detail below. A visual 
alarm 132 provides a visual alert when wheelchair lift 100 
is in use. In a preferred embodiment, two visual alarms 132 
are coupled to frame 117, or otherwise coupled directly to 
wheelchair lift 100. Audio alarms such as a siren or buzzer 
provide audible alerts that wheelchair lift 100 is in use, or if 
there is a condition preventing wheelchair lift 100 from 
being operated. A platform Hght 134 attached to vertical arm 
116 illuminates platform 111 when wheelchair Hft 100 is 
used in poor Hght conditions. In a preferred embodiment, 
two platform lights 134 are connected to each vertical arm 
116, or otherwise coupled directly to wheelchair lift 100. 

[0016] FIG. IB shows wheelchair lift 100 in a ground 
position. Platform 111 is near or at ground level. Outboard 
roll stop 119 is lowered when outboard roll stop linkage 120 
contacts the ground, thus allowing the passenger to board 
platform 111. Inboard roll stop 126 is raised and prevents the 
passenger from traveHng off platform 111. 

[0017] FIG. IC shows wheelchair lift 100 in an interme- 
diate position after it has begun to lift from the ground 
position. Outboard roll stop 119 is raised as outboard roll 
stop linkage 120 lifts off the ground and no longer contacts 
the ground, thus preventing the passenger from traveling off 
platform 111. Inboard roU stop 126 is still raised. 

[0018] FIG- ID shows wheelchair Uft 100 in a floor level 
position. Platform 111 is at the level of the vehicle. Inboard 
roll stop actuator 128 lowers inboard roll stop 126 and 
allows the passenger to board the vehicle. Outboard roll stop 
119 is still raised. 

[0019] FIG. IE shows wheelchair lift 100 as it is folding 
into a stowed position. Lift actuator 118 continues to raise 
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upper arm 114 and lower arm 115. After platform 111 lifts 
a small distance, roller 122 begins to push against lower arm 
115, and upper stow arm 140 and lower stow arm 141 
straighten out and begin to raise platform 111 into a stowed 
position. Handrails 112 also begin to raise into a stowed 
position. 

[0020] FIG. IF shows wheelchair Hft 100 in the fdly 
stowed position. Platform 111 is now in an upright position. 
Hooks or latches may prevent platform 111 from shaking or 
rattling while in the stowed position, 

[0021] As mentioned above, logic module 200 provides 
several interlocks that promote the proper operation of 
wheelchair lift 100. Logic module 200 is capable of receiv- 
ing feedback from various sensors located throughout 
wheelchair lift 100 and controlling the operation of wheel- 
chair lift 100 accordingly. Logic module 200 is connected to 
sensors which detect the positions of platform 111, upper 
arm 114, lower arm 115, inboard roll stop 126, inboard roll 
stop acmator 128, outboard roll stop 119, and threshold 
pressure plate 130. These sensors may include ammeters, 
voltmeters, limit switches, weight sensors, optical sensors, 
ultrasound sensors, pressure mats, pressure switches, pres- 
sure transducers, and any other suitable sensors. Logic 
module 200 includes a microprocessor and software, and 
uses data from these sensors to control lift actuator 118 and 
inboard roll stop actuator 128. Logic module 200 may also 
detect faulty connections to lift actuator 118 and inboard roll 
stop actuator 128. 

[0022] FIG. 2A shows one embodiment of a control 
pendant 205 in accordance with the present invention. 
Control pendant 205 is connected to logic module 200, and 
provides four functions which allow a user to operate 
wheelchair lift 100: UP, FOLD, UNFOLD, and DOWN. UP 
raises wheelchair lift 100 from the ground position to the 
floor level position. FOLD stows wheelchair lift 100 from 
the floor level position into the stowed position. UNFOLD 
unstows wheelchair lift 100 from the stowed position to the 
floor level position. DOWN lowers wheelchair lift from the 
floor level position to the ground position. Logic module 200 
allows only the appropriate commands to performed, 
depending on the position of wheelchair lift 100. For 
example, in the ground position, only the UP command is 
available. Below the floor level position, only the UP and 
DOWN commands are avaUablc. In the floor level position, 
only the DOWN and FOLD commands are available. In the 
stowed position, only the UNFOLD command is available. 
The available command choices for a given position may be 
indicated by the user interface, for example, by illuminated 
buttons. Logic module 200 may stop wheelchair lift 100 if 
more than one button is pressed at a time on control pendant 
205. 

[0023] Logic module 200 is capable of sending an inter- 
lock signal to the vehicle which is capable of interacting 
with the vehicle to prevent forward and rearward movement 
of the vehicle when wheelchair lift 100 is not in the stowed 
position. Logic module 200 is also capable of preventing 
unstowing and/or operation of wheelchair lift 100 unless an 
interlock signal is received from the vehicle, indicating, for 
example, that the vehicle transmission is in the park position 
and the vehicle parking brake has been set. Logic module 
200 is also capable of stopping wheelchair lift 100 if: 
wheelchair lift 100 is overloaded, platform 111 is occupied 



when a FOLD command is received, resistance is encoun- 
tered when wheelchair lift 100 is being stowed, outboard roll 
stop 119 is lowered when platform 111 is more than three 
inches above the ground, restraint belt 127 is not fastened, 
and threshold plate 130 is occupied when platform 111 is 
below the floor level position. 

[0024] Logic module 200 raises and lowers inboard roll 
stop 126 at the appropriate points during operation of 
wheelchair lift 100. Before platform 111 is lowered from the 
floor level position, logic module 200 raises inboard roll stop 
126. After platform 111 is raised to the floor level position, 
logic module lowers inboard roll stop 126, Logic module 
200 will check the position of inboard roll stop 126 or 
inboard roll stop actuator 128 and raise inboard roll stop 126 
if necessary before moving platform 111, regardless of the 
position of platform 111. This prevents inboard roll stop 126 
from damaging the vehicle when inboard roU stop 126 is in 
a partially lowered position after repairs or any otiher reason 
while platform 111 is below the floor level position. 

[0025] Outboard roll stop 119 may raise and lower without 
an actuator. In this case, logic module 200 may be connected 
to a separate ground sensor which indicates whether plat- 
form 111 is greater than, for example, three inches from the 
ground. Logic module 200 is capable of stopping platform 
111 if outboard roll stop 119 is lowered when platform 111 
is greater than, for example, three inches from the ground. 

[0026] Logic module 200 is capable of preventing wheel- 
chair lift 100 from being stowed when platform 111 is still 
occupied. As can be seen in FIG. ID, roller 122 does not yet 
contact lower arm 115 in the floor level position. A small gap 
is present between roller 122 and lower arm 115 in the floor 
level position. When a FOLD command is received, this 
small gap allows platform 111 to remain substantially level 
during the initial phase of the stowing operation. During this 
kiitial phase of the stowing operation, platform 111 is lifted 
through a small distance of, for example, one or two inches. 
This small lifting motion allows logic module 200 to detect 
weight on platform 111. In one embodiment, logic module 
200 detects whether a pressure switch coupled to lift actua- 
tor 118 is triggered during this small lifting motion. In 
another embodiment, logic module 200 detects the amper- 
age required by lift actuator 118 to perform this wsmall lifting 
motion. If the pressure switch is triggered or an out-of-range 
amperage is detected, logic module 200 wiU stop platform 
111. The amount of weight on platform 111 necessary to 
prevent a stowing operation may be set, for example, to 50 
pounds. Because of the small initial lifting motion, the 
position of a weight on platform 111 does not affect this 
interlock. After a stowing operation is stopped because of a 
weight on platform 111, logic module 200 may automati- 
cally return platform 111 to the floor level position, or 
require the user to push the DOWN button and reUirn 
platform 111 to the floor level position. This maintains the 
small gap between roller 122 and lower arm 115, and 
prevents the user from overriding this interlock by pressing 
the FOLD button repeatedly. 

[0027] FIG. 2B shows one embodiment of a hardware 
block diagram for a logic module 200 in accordance with the 
present invention. Logic module 200 includes a micro- 
controller 210 which receives commands 240 from the user 
through pendant 205. Micro-controUer 210 also receives 
analog inputs 220 and switch inputs 230. Micro-controller 
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210 may be capable of communicating with another com- 
puter through an interface 212. 

[0028] BATTERY VOLTS indicates the vehicle battery 
charge level. Logic module 200 may display a low battery 
indicator when the vehicle battery charge level is below, for 
example, 12.4 volts. Logic module 200 may also prevent 
wheelchair Uft 100 from being unstowed or lowered when 
the vehicle battery charge level is below, for example, 12.2 
volts. PRESSURE indicates the pressure from lift acmator 
118 in an embodiment where lift actuator 118 is a hydraulic 
cylinder. BUS INTERLOCK is an indicator from the vehicle 
to logic module 200 that wheelchair lift 100 can be operated. 
For example, BUS INTERLOCK may indicate that the 
vehicle transmission is in the park setting and that the 
vehicle parking brake has been set. LIFT INTERLOCK is an 
indicator from logic module 200 to the vehicle that the 
vehicle can be operated. For example, LIFT INTERLOCK 
may indicate that wheelchair lift 100 is fully stowed. 

[0029] STOW SWITCH indicates whether wheelchair Hft 
100 is in the fully stowed position. STOW SWITCH may be 
a sensor that detects the position of upper arm 114 and/or 
lower arm 115. LOWERING SWITCH indicates whether 
platform 111 is at or below the floor level position, LOW- 
ERING SWITCH may be a sensor that detects the position 
of upper arm 114 and/or lower arm 115. PRESSURE 
SWITQl indicates whether there is a weight on platform 
111 before platform 111 can be stowed. PRESSURE 
SWITCH may be a pressure switch connected to lift actuator 
118 and may be set, for example, to 50 pounds. OUT- 
BOARD SWITCH indicates whether outboard roll stop 119 
is raised. BELT SWITCH indicates whether restraint belt 
127 has been fastened. FOLDING SWITCH indicates 
whether platform 111 is above the floor level position. MAT 
SWITCH indicates whether threshold plate 130 is occupied. 
GROUND SWITCH indicates whether wheelchair lift 100 is 
in the ground position. EXTRA SWITCH is reserved for 
other features or interlocks. 

[0030] RAISE will raise platform 111. If lift actuator 118 
is a hydraulic actuator, logic module 200 will turn on the 
pump motor for lift actuator 118. LOWER will lower 
platform 111. If lift actuator 118 is a hydrauhc actuator, logic 
module 200 will open the hydraulic valve for lift actuator 
118. FOLD will stow platform 111. If lift acmator 118 is a 
hydraulic actuator, logic module 200 will turn on the pump 
motor for lift actuator 118 in series with a resistor to provide 
a slower rate of motion. UNFOLD will unstow platform 111. 
If lift actuator 118 is a hydraulic acmator, logic module 200 
will open the hydraulic valve for lift actuator 118. BEACON 
LIGHTS will turn on visual alarm 132 while wheelchair lift 
100 is in operation. AUDIO BUZZER will turn on audio 
alarms while wheelchair lift 100 is in operation and/or if an 
interlock stops wheelchair lift 100. PLATFORM LIGHTS 
will mrn on platform lights 134 while wheelchair lift 100 is 
at or below the floor level position. UNLATCH will unlatch 
hooks which hold wheelchair lift 100 in the stowed position. 
ACTUArOR+ will raise inboard roll stop 126, while 
ACTUATOR- will lower inboard roll stop 126. 

[0031] When a command 240 is received from the user, 
micro-controller 210 first looks at the state of analog inputs 
220 and switch inputs 230 to check that all conditions have 
been satisfied for the particular command. Only after all the 
proper conditions have been satisfied for the particular 



command, will micro-controller 210 send the proper output 
signals 250 to efl'ect the command. For example, when an 
UP command is received from the user, micro-controller 210 
will first check the inputs to see: (1) whether BUS INTER- 
LOCK indicates that operate wheelchair lift 100 can be 
operated, (2) whether BATTERY VOLTS indicates there is 
sufficient battery voltage from the vehicle battery, (3) 
whether OUTBOARD SWITCH indicates that outboard roll 
stop 119 is raised when platform 111 is greater than, for 
example, three inches above the ground, (4) whether inboard 
roll stop 126 is raised by sending a signal to inboard roll stop 
actuator 128, (5) whether BELT SWITCH indicates that 
restraint belt 127 is fastened, and (6) whether MAT 
SWITCH indicates that threshold plate 130 is not occupied. 
Only after these conditions for an UP command are satisfied, 
will micro -controller 210 send the suitable signals that make 
up an UP command. For example, an UP command may 
include: (1) turning on BEACON LIGHTS, (2) turning on 
AUDIO BUZZER, (3) turning on PLATFORM LIGHTS, 
(4) sending a RAISE output to cause lift actuators 118 to 
raise platform 111 to the floor level position, (5) sending an 
ACTUATOR-output to lower inboard roll stop 126, and (6) 
turning off AUDIO BUZZER. 

[0032] Logic module 200 may also be programmed to 
provide additional features which enhance the operation of 
wheelchair lift 100. For example, where lift actuators 118 
are hydraulic actuators, logic module 200 may be pro- 
grammed to run the pump motors for lift actuators 118 for 
a small additional period of time after wheelchair lift 100 is 
fully stowed. This has the effect of pressurizing lift actuators 
118 and minimizing or preventing rattling of wheelchair lift 
100 in the stowed position. Logic module 200 may also be 
programmed to pressurize hydraulic actuators at certain time 
intervals or upon certain events to keep lift actuators 118 
pressurized when wheelchair lift 100 is not being used. For 
example, logic module 200 may pressurize hydraulic acma- 
tors every time the vehicle is started, or use pressure sensor 
feedback to pressurize hydraulic actuators when the pressure 
has dropped below a certain value. 

[0033] Logic module 200 may be programmed to shut off 
wheelchair Lift 100 if an out-of-range voltage is detected, 
thus acting as a programmable fuse to prevent damage to 
wheelchair lift 100. 

[0034] Logic module 200 is capable of preventing wheel- 
chair lift 100 from being operated when the vehicle battery 
charge level has dropped too low to prevent the vehicle 
battery from being drained to a point where the vehicle 
cannot start. 

[0035] Logic module 200 is capable of recording the 
number of lift cycles and stow cycles. The definition of a lift 
cycle and a stow cycles may be changed as needed. For 
example, a lift cycle may be defined as one full trip from the 
ground position to the floor level position, regardless of how 
far platform 111 has actually traveled. Logic module 200 
may also be capable of calculating the total amount of work 
performed by wheelchair lift 100, given the distance traveled 
by platform 111 and the weight carried. 

[0036] Logic module 200 includes a visual display 260 for 
displaying a variety information. Visual display 260 may be 
an LCD display or any other suitable display. Visual display 
260 may assist the user in operation of wheelchair lift 100 
by providing instructions, indicating the current command 
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being performed, indicating the current status of wheelchair 
lift 100, highlighting conditions that must be satisfied before 
wheelchair lift 100 can be operated, and suggesting certain 
actions such as starting the engine to recharge the battery. 
Visual display 260 may assist in the maintenance of wheel- 
chair lift 100 by displaying the number of lift cycles and 
stow cycles and suggesting maintenance to be performed. 
Visual display 260 may assist in diagnostics and trouble- 
shooting by, for example, indicating the vehicle battery 
charge level, indicating temperatures of motors or pumps, 
and displaying error messages. Visual display 260 may be 
used during manufacturing, assembly, and maintenance of 
wheelchair lift 100 to aid in adjustment and calibration of the 
various components of wheelchair lift 100. 
[0037] Wheelchair Hft 100 may include a battery backup 
system. The battery backup system allows wheelchair lift 
100 to be operated when other sources of power are not 
available or have failed. The battery backup system exists in 
addition to a manual backup system, which may include a 
hand crank, hand pump, or other manually operated devices 
for operating wheelchair lift 100. 

[0038] Lift actuator 118 may be a hydraulic actuator or an 
electrical actuator. Electrical actuators include screw drives, 
rack and pinion drives, and other actuators such as Elec- 
trak® ball bearing screw drives manufactured by Danaher 
Motion Linear Products, Marengo, 111. The use of electrical 
actuators allow for variable speed control of the raising and 
lowering of wheelchair lift 100. Electrical actuators may 
reduce the number of external sensors needed to determine 
the position of wheelchair lift 100 by providing feedback 
from sensors such as integrated potentiometers or optical 
sensors. The electrical characteristics of electrical actuators 
may be used to implement interlocks. For example, an 
out-of-range voltage detected from electrical actuators while 
platform 111 is being lowered may indicate that an object is 
obstructing platform 111 from lowering, thus acting as an 
anti-crushing feature. An out-of-range voltage may also 
indicate that platform 111 has reached the ground, thus 
acting as an anti-jacking feature. As another example, an 
out-of-range voltage detected from electrical actuators while 
platform 111 is at floor level and while stowing of platform 
111 is being attempted may indicate that platform 111 is still 
occupied, thus acting as an occupied platform interlock. 
Electrical actuators also allow for control of the wheelchair 
lift during lowering, instead of relying on the "gravity 
down" operation of hydraulic actuators. Electrical actuators 
may also allow wheelchair lift 100 to be held tightly in the 
stowed position without unstowing, rattling, or shaking. 
Electrical actuators also provide consistent performance 
over temperature changes and do not leak. 
[0039] FIGS. 3A-3B show a prior art arm geometry for a 
wheelchair lift. The prior art geometry is a parallelogram 
design. 

[0040] FIGS. 3C-3D show one embodiment of an arm 
geometry in accordance with the present invention. Upper 
arm 114 and lower arm 115 couple to frame 117 at two points 
that are farther apart than in the prior art geometry. In 
addition, the two points are located along a steeper angle 
than in the prior art geometry. 

[0041] This lift arm geometry reduces the distance 
between the point where upper arm 114 couples to frame 117 
and to the point where lower arm 115 couples to vertical arm 
116 as the lift arms are passing through a horizontal position. 



[0042] This lift arm geometry reduces the peak force 
needed from lift actuator 118. The reduced peak force 
required makes this lift arm geometry suitable for use with 
electrical actuators, which may not be able to generate as 
much force as hydraulic actuators of comparable cost. 
However, hydraulic actuators may still be used and benefit 
similarly from this lift arm geometry. 

[0043] FIG. 3E shows a graph of actuator force required 
for the prior art arm geometry and an arm geometry in 
accordance with the present invention. As can be seen, the 
prior art arm geometry requires an actuator force of more 
than 2000 pounds when its platform has reached the floor 
level position. An arm geometry in accordance with the 
present invention requires an actuator force of less than 1200 
pounds when its platform has reached the floor level posi- 
tion, with the maximtmi force during the lifting of the 
platform not exceeding 1300 pounds. 

[0044] Although the above examples have described 
wheelchair lift 100 in the context of carrying a wheelchair 
and/or a passenger, wheelchair lift 100 may be used in other 
applications. Wheelchair lift 100 may be used in the same or 
modified form to be attached to different parts of a vehicle 
and to carry other types of payloads. 

[0045] While the invention is described in terms of some 
specific examples and embodiments, it will be clear that this 
invention is not hmited to these specific examples and 
embodiments and that many changes and modified embodi- 
ments will be obvious to those skilled in the art without 
departing from the true spirit and scope of the invention. 

What is claimed is: 

1. A wheelchair lift for raising and lowering a passenger 
between a grotmd and a bed of a vehicle, the wheelchair lift 

comprising: 

a platform capable of stowing into a stowed position; 
a sensor; and 

a logic module coupled to the platform and the sensor, the 
logic module capable of using data from the sensor to 
provide an interlock that promotes the proper operation 
of the wheelchair lift. 

2. The wheelchair lift of claim 1, wherein the logic 
module prevents forward and rearward movement of the 
vehicle when the wheelchair lift is not in the stowed posi- 
tion. 

3. The wheelchair lift of claim 1, wherein the logic 
module prevents imstowing of the wheelchair lift if a 
transmission of the vehicle is not set in a park position and 
a parking brake of the vehicle has not been set. 

4. The wheelchair lift of claim 1, wherein the logic 
module stops the wheelchair lift if the platform is over- 
loaded. 

5. The wheelchair lift of claim 1, wherein the logic 
module stops stowing of the wheelchair lift if the platform 
is occupied. 

6. The wheelchair lift of claim 1, wherein the logic 
module stops stowing of the wheelchair lift if resistance is 
encountered while the wheelchair lift is being stowed. 

7. The wheelchair lift of claim 1, wherein the logic 
module stops the wheelchair lift if an outboard roll stop is 
not fiilly raised when the platform is more than three inches 
above the ground. 
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8. The wheelchair lift of claim 1, wherein the logic 
module prevents the wheelchair lift from being operated if 
a restraint belt is not fastened but will not stop the wheel- 
chair lift if the restraint belt is unfastened once the wheel- 
chair lift has started to operate. 

9. The wheelchair lift of claim 1, wherein the logic 
module stops the wheelchair lift when a threshold plate 
between the platform and the vehicle is occupied. 

10. The wheelchair lift of claim 9, wherein the wheelchair 
lift will not automatically start again when the threshold 
plate becomes unoccupied. 

11. The wheelchair lift of claim 1, wherein the logic 
module prevents the platform from being raised or lowered 
unless an inboard roll stop is fiilly raised. 

12. The wheelchair lift of claim 1, wherein the logic 
module prevents the platform from being raised or lowered 
unless an inboard roll stop and an outboard roll stop are fully 
raised. 

13. The wheelchair lift of claim 1, further including a 
plurality of visual alarms coupled to the wheelchair lift. 

14. The wheelchair lift of claim 1, wherein the logic 
module stops the wheelchair lift if the logic module receives 
more than one command at a time from a user. 

15. The wheelchair lift of claim 1, wherein the logic 
module is capable of displaying an error message when the 
proper conditions are not met. 

16. A wheelchair lift for raising and lowering a passenger 
to and from a vehicle, the wheelchair lift comprising: 

a platform capable of stowing into a stowed position; 

sensor means; and 

logic means coupled to the platform and the sensor means, 
the logic means capable of using data from the sensor 
means to provide an interlock which promotes the 
proper operation of the wheelchair lift. 

17. A wheelchair lift capable of stowing from a floor level 
position into a stowed position, the wheelchair lift compris- 
ing: 

a platform; 

a lift linkage coupled to the platform; and 

a stow linkage coupled to the platform and the lift linkage; 

wherein when a command is received from a user to stow 
the wheelchair lift from the floor level position into the 
stowed position, the Hft linkage and the stow linkage 
allow the platform to be lifted a short distance while the 
platform is maintained in a substantially level orienta- 
tion; 

wherein the platform stops if a weight exceeding a 
predetermined threshold is detected on the platform 
while the platform is being lifted the short distance. 

18. The wheelchair lift of claim 17, wherein the short 
distance is 1-2 inches. 

19. The wheelchair lift of claim 17, wherein the prede- 
termined threshold in 50 pounds. 

20. A method for preventii^ a wheelchair lift from 
stowii^ from a floor level position into a stowed position if 
a platform of the wheelchair lift is occupied, the method 
comprising: 

receiving a command from a user to stow the wheelchair 
lift from the floor level position into the stowed posi- 
tion; 



using an actuator coupled to the platform to lift the 
platform a small distance from the floor level position 
whfle maintaining the platform in a substantially level 
orientation; 

receiving data from a sensor coupled to the actuator to 
detect a weight on the platform while actuating the 
actuator to lift the platform the small distance; and 

stopping the platform if the weight exceeds a predeter- 
mined threshold. 

21. The method of claim 20, wherein the actuator is a 
hydraulic acUiator including a hydraulic pump. 

22. The method of claim 21, wherein the sensor is a 
pressure switch coupled to the hydraulic pump. 

23. The method of claim 21, wherein the sensor is a 
pressure transducer coupled to the hydraulic pump. 

24. The method of claim 20, wherein the short distance is 
1-2 inches. 

25. The method of claim 20, wherein the predetermined 
threshold is 50 pounds. 

26. A wheelchair lift having a floor level position and a 
ground position, the wheelchair lift comprising: 

a platform; 

an inboard roU stop coupled to an inboard end of the 

platform; and 

an actuator coupled to the inboard roll stop, the actuator 
capable of raising and lowering the inboard roll stop, 
wherein the actuator fully raises the inboard roll stop 
before the platform leaves the floor level position to 
travel to the ground position. 

27. The wheelchair lift of claim 26, wherein if the 
platform stops between the floor level position and the 
ground position, the actuator fully raises the inboard roil 
stop before the platform begins to travel. 

28. A method of preventing a passenger from traveling off 
a platform of a wheelchair lift, the wheelchair lift having a 
floor level position and a ground position, the method 
comprising: 

providing an inboard roll stop having a lowered position 
and a raised position, the inboard roll stop in the 
lowered position capable of acting as bridge between 
the platform and a vehicle, the inboard roll stop in the 
raised position capable of preventing a passenger from 
travehng past an inboard end of the platform; 

providing an actuator coupled to the inboard roll stop, the 
actuator capable of lowering and raising the inboard 

roll stop; and 

using the actuator to raise the inboard roll stop to the 
raised position before the platform leaves the floor level 
position to travel to the ground position. 

29. The method of claim 28, further comprising: 

using the actuator to check the position of the inboard roll 
stop if the platform is stopped between the floor level 
position and the ground position; and 

if the inboard roll stop is not in the raised position, using 
the actuator to raise the Inboard roll stop to the raised 
position before the platform travels. 
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30. A wheelchair lift, comprising: 
a lift linkage; 

a vertical arm coupled to the lift linkage; 

a platform coupled to the vertical arm; and 

a light coupled to the vertical arm, wherein the light is 
capable of illuminating the platform. 



31. A wheelchair lift, comprising: 
a lift linkage; 

a vertical arm coupled to the lift linkage; 
a platform coupled to the vertical arm; and 
a light coupled to the platform, wherein the light is 
capable of illuminating the platform, 

***** 



